Introduction
Derivation of the response formulae for linear systems is a classical problem of linear systems theory and it has been addressed in many books and papers [1-4, 6, 11-13] . Mathematical fundamentals of fractional calculus and its some applications are given in the monographs [7] [8] [9] [10] . Some problems of fractional systems theory and its applications have been considered in [3, 5, 9] .
In this paper the following problem is addressed. Under which conditions the well-known formulae for the solutions of the state equations and their outputs are also valid for derivatives of their inputs for standard and fractional continuous-time and discrete-time linear systems.
The paper is organized as follows. In section 2 the problem is analyzed for standard continuous-time linear systems and in section 3 for the standard discrete-time linear systems. An extension of these considerations to fractional continuous-time linear systems is given in section 4 and to the fractional discrete-time linear systems in section 5. Concluding remarks are presented in section 6.
The following notation will be used:  -the set of real numbers, Z -the set of nonnegative integers, n I -the n n  identity matrix.
Continuous-time linear systems
Consider the continuous-time linear system shown in Fig. 1 
The following problem arises. Under which conditions the following equality also holds for the system
We will prove that (1) implies (2) 
Applying the inverse Laplace transform to (3) we obtain (2) since (4)
In general case we have the following theorem. Theorem 1. The equality (1) implies
Proof. Applying Laplace transform and the convolution theorem to (5) we obtain
For zero initial conditions we have
and (5) 
Using the convolution theorem and inverse Laplace transform to (10) we obtain
Note that for (13) 
Using (12) for (13) we obtain
Consider the linear continuous-time system described by the state equations (16)
are the state, input and output vectors, respectively and
The solution to the equation (16) for zero initial conditions
Substitution of (18) into (17) yields
Theorem 2. The equalities (18) and (19) imply, respectively
if and only if the condition (6) is satisfied. Proof. Proof is similar to the proof of Theorem 1.
Discrete-time linear systems
Consider the discrete-time linear system shown in Fig. 3 with given the impulse response matrix
, where 
The following problem arises. Under which conditions the following equality holds
We will prove that (22) By assumption the initial conditions are zero and
Applying the inverse Z-transform to (24) we obtain (23) since
In general case we have the following theorem. 
Proof.
Proof is similar to the proof of Theorem 1. Consider the linear discrete-time system described by the state equations (28) 
Using (22) and (37) we obtain
Note that (35) satisfies the condition
. Therefore, the equalities (32) and (33) are satisfied only for 
Fractional continuous-time linear systems
In this section the following Caputo definition of the fractional derivative will be used [3, [6] [7] [8] [9] (40) 
Taking into account that [3] (48)
Using the inverse Laplace transform and the convolution theorem to (49) we obtain [3] (50)
Theorem 5. The equalities (50) and (52) imply, respectively
Proof. Multiplying (49) by
Applying the inverse Laplace transform to (55) we obtain (53) if and only if (54) is similar. □
Fractional discrete-time linear systems
Consider the fractional discrete-time linear system (56) 
The solution of the equation (60) has the form [3] (62)
Theorem 6. The equalities (62) and (64) for zero initial condition
Proof. Using (62) for
The proof of (66) is similar. □ The considerations can be easily extended to higher order difference. Theorem 7. The equalities (62) and (64) for zero initial conditions
Proof. Using the z-transform to (58) for zero initial conditions and the convolution theorem we obtain 
